SUMMARY. Four new chemical analyses are reported for riebeckites of the hypersolvus granites of Massachusetts and Rhode Island. Riebeckites of southern New England are enriched in Li +, which appears to substitute for Fe 2+, with additional Na + coming in to compensate for the charge imbalance.
reported riebeckite analyses. For the purpose of this paper, the writer separates riebeckites and arfvedsonites on the basis of the atomic ratios of (Na+K)/Fe 3+ as follows: riebeckite: (Na+K)/FeS+< 1.5o; arfvedsonite: (Na+K)/Fe 3+ /> 1.5o. Fig. 2 shows a plot of representative riebeckites and arfvedsonites based on this criterion. Such a classification scheme causes a 'riebeckite' of Chapman and Williams (I935) to be renamed arfvedsonite and one of the arfvedsonites of Miyashiro (~957) to be reclassified as riebeckite. Fig. z Preparation andpurity of concentrates. Riebeckite samples (Table II , analyses 2, 6, 7, and 8) were hand-picked and concentrated by heavy liquids and magnetic separation. The purity of the samples, based on 5oo grain counts for each concentrate, ranged from 93"5 to 98"8 wt. % riebeckite. The only impurities observed were quartz and alkali feldspar, except for grunerite in analysis 8. Estimates of the impurities and their probable compositions are shown at the bottom of Table II . Compositions of impurities, except for grunerite, are known with a great deal of certainty as K and Na determinations by atomic absorption were made on the alkali feldspars and quartz has a composition very close to Ioo % SiO2.
Formula calculation method and cation assignment scheme. The chemical formulae of the new analyses were calculated following the methods of Deer et al. 0966) on the basis of 24(0, OH, F).
Cations in Table III were assigned in the order of Z, M4, and Y sites. Si, A1, and Fe 3+ (if needed) were assigned to the Z sites until they totalled 8.oo cations. The Y cations were not specifically assigned to M 1, M2, and M3 sites in Table III New Analyses: Analyst, Tadashi Asari; Methods of analysis--gravimetric: SiO~, AI~O3, MgO, CaO, HzO(4-), HzO(--); Volumetric: FezOs, FeO; Colorimetric: TiO~, MnO, F; Flame Photometric: NazO, KzO, Li; Standard Deviations: SiOz, 0'55 %; AIzOs, 2-20 %; Fe203, 6"13 %; FeO, 2'09 %; CaO, 2-i6 %; MgO, 3'40 %; Na~O, 4"45 %; K~O, IO'4O %; HzO+, 21'3 %; HzO--, 25'0 %; TiO~, 5"85 %; F, I5'O %; Li, io.o %.
New analyses corrected for impurities (wt. %) as follows, anal. 2: quartz, 2-6 %, feldspar (OrsoAbs0), 3"0 %; anal. 6: quartz 4"4 %, feldspar (Or65Ab35), 2.1% ; anal, 7 : quartz 0.8 %, feldspar (Or4~Ab58), 0"4 % ; anal. 8 : quartz, 0'7 %, grunerite [Fe+ZSisO~2(OH)2], 3'6 %. precise information on their distribution in riebeckites and arfvedsonites. Ca, K, and Na were assigned to the M4 sites until they totalled 2-oo cations; the remaining Na was assigned to the A site. In one case (4, Table III) octahedral Na, as predicted from the Na and Li relations to be discussed later, was assigned to the Y positions. The remaining cations were assigned to the Y positions.
Crystal chemistry of riebeckites
The chemical compositions of riebeckites of Massachusetts and Rhode Island and some selected riebeckites from other areas are presented in Table II . Formulae are given in Table III. A-site occupancy varies from zero in riebeckites of ironstones, through intermediate values in arfvedsonites, to a maximum in magnesioriebeckites and magnesioarfvedsonites, which indicates that higher temperatures favour the filling of the A site.
One of the most unusual cations that occurs in the Y sites of riebeckite is Li. Previously, Sundius (1946) suggested that Li (0"65 cations per formula unit) substitutes for Mg in the Y positions in eckermannite, NazMg4A1SisO22(OH)2, from a nepheline syenite of southern Sweden. He also suggested that Li (VlZ cations per formula unit) substitutes for Na in the 2144 site of holmquistite (glaucophane) of Uto, Sweden (Sundius, I946). Recent chemical data indicate major quantities of Li (up to 1.31 cations per formula unit) in riebeckites and arfvedsonites (Borley, I963; Kovalenko et al., I966; Afonina et aL, I969; Gamaleya, 1970; and Lyons, I972) . Older chemical analyses of riebeckites do not give Li and further analyses of these riebeckites will probably reveal, in many cases, appreciable quantities of Li.
Addison and White (I968) offer spectroscopic evidence that Li substitutes for Fe z+ in riebeckites, but this is only supported by limited chemical data. Li may also substitute for Fe 3+ as in the riebeckites of the metasomatic zones between granites and gabbro in Tuva, U.S.S.R. (Kovalenko et al., I966) .
Li increases as Fe z+ decreases in riebeckites of Nigeria, the Ulkan pluton (U.S.S.R.), and southern New England. This inverse relation between Li and Fe ~+ is strong evidence that Li substitutes for Fe 2+ in riebeekites of these areas. Coupled with this fact is one of the major findings of this paper: Li and Na correlate positively in riebeckites of southern New England. This is shown graphically in fig. 3 . This relation is also shown in data from other regions (Borley, I963; Gamaleya, I97o), although the lines have different slopes, probably indicating varying oxygen fugacities and bulk chemistries. The more arfvedsonitic amphiboles of Nigeria depart from this relation, Ii 
Phase relations and paragenesis
The phase relations of riebeckite and riebeckite-arfvedsonite solid solutions have been determined by Ernst (I962). Riebeckite is stable to a maximum temperature of 515 ~ under high oxygen fugacities (hematite-magnetite buffer); under more reducing conditions (wttstite-iron buffer) riebeckite-arfvedsonite solid solutions are stable to a maximum temperature of about 7 [o ~ The phase relations indicate that the absence of fayalite and the occurrence of quartz, aenigmatite, and aegirine (acmite) in the Quincy Granite are consistent with magmatic temperatures of 65o to 75o ~ low oxygen fugacities, and fluid pressures below 7oo bars (Lyons, ]972).
Riebeckites of alkali granites probably crystallized at temperatures much higher than 515 ~ as indicated by their association with hypersolvus feldspar that crystallized above 66o ~ (Tuttle and Bowen, ]958). The occurrence of fibrous riebeckites (crocidolites) in hematite-magnetite (ironstone) formations indicates crystallization below 5oo ~ and authigenic riebeckite(?) in the Green River Formation of Utah (Milton and Eugster, I959) may indicate crystallization as low as [oo ~
